The Magellanic Penguin migrates on the ocean currents from its reproduction colonies in Patagonia to seek abundant food on the Brazilian continental shelf. The pineal gland, an endocrine gland, whose secretions are affected by the light-darkness photoperiod, has a basic function in the biological processes of migrating animals. Melatonin, the hormone synthesized and secreted by the pineal gland affects the circadian, circannual and seasonal cycle that directly affects the migration processes of land and sea birds. Materials and Methods: Specimens were collected on the southern coast of Brazil, morphometric assessments and histological analyses of the glands were undertaken. Results: The pineal gland of the Magellanic Penguin lies in a triangular space between the brain hemispheres and the cerebellum and close to the cavernous sinus that follow the region´s dura mater. The average of the pineal gland of the penguins under analysis was 11.16mm and 1,69mm for length and thickness respectively. Test t and the coefficients of co-relationship (r) between the analyzed variables demonstrated that there was no co-relationship between the morphometric variables and the size of the pineal gland (p < 0.05). The Magellanic penguin´s pineal gland has a club-like sacular shape with cells in threads, involved and interlaced by fibrous conjunctive tissues. Conclusion: Results corroborated data in the literature and showed that the pineal gland of these birds is relatively greater than that of other birds and its tissue composition is similar to that of other vertebrates.
Introduction
The pineal gland is an endocrine gland whose secretions are affected by the light-darkness photoperiod (GARTNER and HIATT, 2007) . It has a multifunctional significance on the modulation of endocrine functions and regulation of non-endocrine systems when experiencing environmental changes or alterations of the organism (ERHART, 1992) . Actually, the pineal gland is the pace-marker of the circannual infradian temporization system which monitors the seasons and synchronizes with them some functions that vary throughout the year (LENT, 2001) .
Circadian rhythms are basic for the temporal organization of birds´ behavior and physiology (PITTENDRIGH, 1981) . Their pace-markers are complex and may be related to the several ways of life that birds experience in the different environments (GWINNER and BRANDSTÄTTER, 2001) .
Circadian and circannual cycles in migratory birds are a sort of biological clock that provides the main base for their time guidance. Circannual rhythms cause the start of migration during autumn and spring. In fact, the temporization function of migrations is highly relevant for birds which migrate during the winter (GWINNER, 1996) .
Magellanic penguins (Spheniscus magellanicus) are native to Argentina (south of 41° 25´ S), Chili (south of 29° S) and the Falkland/Malvinas Islands (approx. 51° 45´ S) (WILLIAMS and BOERSMA, 1995; SCHIAVINI, YORIO, GANDINI et al., 2005) . They migrate thousands of kilometers northward along the coasts of northern Argentina, Uruguay and Brazil (STOKES, BOERSMA and DAVIS, 1998; PÜTZ, INGHAM and SMITH, 2000; PÜTZ, SCHIAVINI, REY et al., 2007; FALABELLA, CAMPAGNA and CROXALL, 2009 ). They often arrive on the southeastern coast of Brazil (22º17´ S) and exceptionally they are reported on the Brazilian northeastern coast (20° 52´ S) (SICK, 1997; GARCÍA-BORBOROGLU, BOERSMA, RUOPPOLO et al., 2010) . In fact, it is the most abundant penguin species in temperate regions even though population decrease has been moderately fast during the last three generations (27 years) (BIRDLIFE INTERNATIONAL, 2014) .
Since the Magellanic penguin is a migratory species, young birds and adults leave their reproductive sites after the reproduction period and displace themselves via the ocean currents in search of good feeding places (WILLIAMS and BOERSMA, 1995; FRERE, GANDINI and LICHTSCHEIN, 1996) . They follow the colder nutrient-rich waters of the Falkland current and many reach the waters of the Brazilian continental shelf (SICK, 1997; VOOREN and BRUSQUE, 1999; WEIGERT, KLIPPEL, MADUREIRA et al., 2005) .
A high mortality rate of Magellanic penguins occurs on the Brazilian coast, especially in the states of Rio Grande do Sul and Santa Catarina (SICK, 1997) , although very few data are extant on the number of deaths and their causes (PETRY, FONSECA and JOST, 2004) . More information on the issue may be a great help for their protection (STOKES, BOERSMA and DAVIS, 1998) .
More information is also required on the possible physiological basis of circannual rhythms. It is still not clear whether there are different circannual clocks that regulate migration or whether there are varied neuronal, neuroendocrinal and endocrine interactions. The situation is different when dealing with circadian rhythms. In birds the pineal organ and the supraquiasmatic nucleus in the hypothalamus cause the circadian marker.
Research tries to clarify whether the magnetic effects on birds´ and mammals´ melatonin synthesis either integrate a biological function tightly controlled by specific mechanisms or whether are mere artifacts of nature. It is well known that the light/darkness cycles and the earth´s magnetic field have a temporal and maintenance role in higher organisms.
Although the structure of the pineal gland has been greatly investigated, Silvino (1999) reports that knowledge on the gland is based exclusively on functional observations without any reports on its morphological bases. This is due to the fact that information of the macro-and microscopic anatomy of the organ is rare and even non-existent. Knowledge on the micro-and macroscopic morphology of the pineal gland of the Magellanic penguin is important and useful for further studies since few reports are extant in the literature. Current research focuses on the macro-and microscopic analysis of the pineal gland of the Magellanic penguin.
Materials and Methods
Nine specimens were studied. They were collected in the state of Paraná, Brazil, by the Center for Sea Studies (CEM) of the Universidade Federal do Paraná (UFPR) through the Brazilian Program for the Monitoring of Magellanic Penguins. Since the specimens were already dead when collected and even in early decomposition, they were frozen and taken to the Laboratory of Animal Anatomy of the Universidade Federal do Paraná in Palotina PR Brazil, following the System for Authorization and Information in Biodiversity (SISBIO) n. 42702-1.
The birds were thawed in the laboratory, their morphometric measurements taken and fixed in formaldehyde 10% during 20 days. Morphometric parameters for gender and the macro-and microscopic analysis of the pineal gland were further performed.
Morphometry comprised standard body measurements for differences among penguin populations, precise estimates on body conditions and growth, the species´s ecology and the determination of the animals´ gender. Following the Handbook for the Collection and Storage of Information and Biological Samples of Magellanic Penguins (Spheniscus magellanicus) -ICMBio/MMA (BRASIL, 2012), the morphometric standards comprised length of beak (BL); height of beak (BD); length of fin-elbow (EFL); length of the posterior member (PML); width of beak (BW); width of commissure (CW); axillar circumference (AC); circumference of the head (HC); body length-head (HBL); body length-beak (BBL); total length of fin (TFL); length of tarsus (TL); length of middle finger (MTL); length of the pineal gland (CP); width of the pineal gland (LP) and weight (P).
A digital caliper STARRET  , 150 mm, resolution 0.001 mm, was employed for morphometry. A metric tape was used for measurements above this limit.
A solution of red Neoprene Latex 450  for the visualization of the blood vessels was used for macroscopic analysis and infusion was undertaken by the common carotid artery, cranium-wise.
Encephala were accessed by an incision on the head´s median line after pushing away the skin and the muscles of the temporal region.
A triangular aperture involving the frontal and parietal bones was performed in the cranial cap by a micro-rectifier DREMEL  and the opening was widened by surgical curved, fine-tipped pliers (14 cm).
The pineal gland was connected to the dura mater and lay between the brain hemispheres and the cerebellum. The dura mater was sectioned till its removal and separation from the hemispheres and cerebellum for the visualization of the pineal gland. After exposure, the pineal gland was removed and its length and width measured with the digital caliper.
Conventional laboratory protocol was employed for microscopic analysis. Further, 5µm thick cuts were performed with a microtome Leica  RM 2255 for the laminas, and stained with hematoxylin/eosin (HE), Masson´ trichrome (TM). Laminas were analyzed under an optic microscope Leica  DM 1000 and photodocumented by camera Leica  DFC 295 connected to the microscope. Photographs on the macroscopic aspects of the pineal gland were made by digital camera Cannon  SX30 IS.
Statistic treatment was done by the average of results from the measurements of the length of the pineal gland. The coefficients of co-relationship between the variables BL, BD, EFL, PML, BW, CW, AC, HC, HBL, BBL, TFL, CP, LP, P were determined and test t was applied to verify whether coefficients were different from 0 by statistical program Assistat 7.7 Beta (SILVA, 1996; SILVA and AZEVEDO, 2002 , 2006 . Gender was determined following Vanstreels, Adornes, Ruoppolo et al. (2011) .
Results
The pineal gland of the Magellanic Penguin lies in a triangular space between the brain hemispheres and the cerebellum and close to the cavernous sinus that follow the region´s dura mater. Observed during the dissection of the penguin´s pineal gland, the distal section included within the dura mater and the proximal section extending of the choroid plexus ( Figure 1a ). The pineal organ of the Magellanic penguin (Sphenicus magellanicus) is rather similar to the bludgeon-shaped structure (Figure 1b) . Table 1 shows the morphometric standards and measurements of the pineal gland. The pineal gland of the penguins under analysis ranged between 10.51 and 11.72 mm in length, average 11.16 mm, and between 1.59 and 1.80 mm in thickness, average 1.69 mm. The morphological standards showed that the penguins under analysis were young females ( Table 2 ). The table 3 shows, at 5% level (p < 0.05), that there was no Table 1 . Morphometric standards and averages of the pineal gland of the Magellanic penguin (Spheniscus magellanicus) and its respective averages (length of beak (BL); height of beak (BD); length of fin-elbow (EFL); length of the posterior member (PML); width of beak (BW); width of commissure (CW); axillar circumference (AC); circumference of the head (CH); body length-head (HBL); body length-beak (BBL); total length of fin (TFL); length of tarsus (TL); length of middle finger (MTL); length of the pineal gland (CP); width of the pineal gland (LP) and weight (P)). co-relationship between the morphometric variables and the size of the pineal gland, except for the BW and LP. The Magellanic penguin´s pineal gland has a club-like sacular shape (Figure 2a ). An arterial vessel runs throughout the extension of the gland connected to the conjunctive tissue that involves it (Figure 2b) , the constitution of the collagen fibers that compose the conjunctive tissue of the dura mater may be seen with Masson´s trichrome stain. Abundant conjunctive fibrous tissue with several fibroblasts, fibrocytes and cells of the immune tissue may be observed (Figure 2c, d ).
SAMPLES

Discussion
The location of the pineal gland of the Magellanic Penguin in a triangular space between the brain hemispheres and the cerebellum and close to the cavernous sinus that follow the region´s dura mater, as described by Redins and Machado (1989) for Crypturellus parvirostris. Its distal section is partially included within the dura mater conjunctive (REDINS and MACHADO, 1984) .
According to Pal, Ghosal, Minj et al. (2013) , birds´ pineal gland lies on the surface within the triangular space posterior to the junction of the brain hemispheres and the cranial section of the cerebellum. A long shaft connects the pineal bland to the roof of the third ventricle by means of the choroid plexus (PRUSIK, LEWCZUK, NOWICKI et al., 2006; PAL, GHOSAL, MINJ et al., 2013) . According to Gladstone and Wakeley (1940) , birds´ pineal gland is a rather long tube connected to the cavity of the third ventricle, due to the big size of the hemispheres and cerebellum. Gallardo and Piezzi (1973) report that, similar to other birds, the pineal gland of the long-tailed gentoo penguin (Pygoscelis papua) is a solid parenquimatous long structure surrounded by a capsule of conjunctive tissue and meninges. It extends cranially between the brain and the cerebellum as a continuation of the choroid plexus.
Due to the great variability of its anatomic, histological, organization, innervation and ultrastructure, the pineal gland varies in size and shape more than any other part of birds´ brain (OHSHIMA and HIRAMATSU, 1993; HALDAR and Table 3 . Table of co-relationship (r) between the variables (length of beak -BL; height of beak -BD; length of fin/elbow -EFL; length of the posterior member -PML; width of beak -BW; width of commissure -CW; axillar circumference -AC; circumference of the head -HC; body length/head -HBL; body length-beak -BBL; Total length of fin -TFL; length of tarsus -TL; length of middle finger -MTL; length of pineal gland -CP; width of the pineal gland -LP and weight -P). GUCHHAIT, 2000; FEJER, ROHLICH, SZEL et al., 2001; HALDAR and BISHNUPURI, 2001) . Haldar and Guchhait (2000) studied the owl species Athene brama and reported that the pineal gland is a triangle-shaped structure funneling towards a cylindrical shaft that extends to the habenular commissure, sub-commissure organ and choroid plexus.
CO-RELATIONSHIP COEFFICIENTS OF CO-RELATIONSHIP (r) SIGNIFICANCE
In their studies on the sparrow (Passer montanus), Singh and Dixit (2014) described the pineal gland as a long brain epiphysis with a long tube which ends in a widened tissue structure called choroid plexus. Redins and Machado (1989) report that birds´ pineal gland may be classified into three organizational standard types, or rather, sacular pineal, tubulefollicular pineal and solid pineal types. The pineal gland in the small-billed tinamou (Crypturellus parvirostris) has the form of a bludgeon, with a tapering section that gradually thickens up to the distal section. It has a follicular organization and related to the other epithalamium formations. The pineal organ of the Magellanic penguin (Sphenicus magellanicus) is rather similar to the bludgeon-shaped structure of the Crypturellus parvirostris and other Tinamiform birds such as Crypturellus soui (little tinamou) and Tinamus solitarius (solitary tinamou), as described by Machado (1984, 1989) ; Redins and Novaes (1990) .
The measurements of the average of the pineal gland under analysis was 11.16 mm and 1.69 mm for length and thickness respectively, whereas the hen´s pineal gland is 2.5 mm long and 1.5 mm thick (GETTY, 1986) . From the macroscopic point of view and with the due relative body proportions, the pineal gland of the Magellanic penguins is longer and practically has the same thickness as that of domestic fowls. Redins and Novaes (1990) reported that there were morphological differences in the pineal glands of birds during the reproduction period when compared to those which were reproductively quiescent. These data may indicate a possible involvement of the organ in the mechanism of bird reproduction.
The morphological standards showed that the penguins under analysis were young females and in the non-reproductive period. Morphological differences may occur in the pineal glands of adult penguins during the reproductive period.
Penguins´ gender results showed the preponderance of females and corroborate studies by Vanstreels, Adornes, Canabarro et al. (2013) that most of the 528 sampled specimens between 2002 and 2009 were females.
Test t and the coefficients of co-relationship (r) between the analyzed variables demonstrated that there was no co-relationship between the morphometric variables and the size of the pineal gland, except for the width of the beak (BW) and the width of the pineal gland (LP). Although the test revealed correlation, no physiological evidence exists between the functioning of the pineal gland and the width of the bird´s beak.
The Magellanic penguin´s pineal gland has a club-like sacular shape with cells in threads, involved and interlaced by fibrous conjunctive tissues. The cellular thread in the distal section is made up of pinealocytes and is more swelled and connected to the tissue that composes the dura mater. Its proximal section is thinner and is positioned close to the choroid plexus.
Small blood vessels occur throughout the cellular thread, interlaced in the conjunctive tissue ( Figure 2c ) and arterioles, common in endocrine glands, which reach the gland and allow the fast transport of melatonin.
The parenchyma of the pineal gland is rich in pinealocytes, or rather, modified neurons with endocrine functions. These cells have euchromatic rounded nuclei and nucleoli. The cytoplasms are slightly stained and abundant in some sections (Figure 2d ). Smaller long-shaped nuclei, heterochromatic (strongly stained), corresponding to Glia cells, probably astrocytes, may be seen interlaced to the parenchyma of the gland (rich in pinealocytes) (Figure 2d ). HE-stained laminas show melanophores, cells which produce melanin present in the organs connected with light sources (Figure 2d ). The laminas failed to show any calcium concretions (acervuli cerebri) perhaps due to the young age of the penguins under analysis. The above data is highly relevant since concretions are important for the determination of the earth´s magnetic field by birds. Further histological studies on the pineal gland of adult penguins are important to confirm the presence of concretions.
The human pineal gland is externally coated by the pia mater from which septa of conjunctive tissues derive and which penetrate the gland, dividing it into lobules. These septa forward vessels and nerves into the gland (JUNQUEIRA and CARNEIRO, 2013) . According to Venzke (1986) , several species of animals have trabecules of aerolar thin conjunctive tissue that divide the organ into lobules. Cuts in the pineal gland of the Magellanic penguin showed that the dura mater is a tissue that envelope the gland, from which tissues are derived. They penetrate the gland´s parenchyma but do not separate it into lobules. Under an optic microscope, these histological data suggest that the gland is made up of cellular threads.
In their research on capybaras, Branco, Guimarães, Miglino et al. (1997) demonstrated histological data very similar to current analysis. The authors reported that pinealocytes are polyhedron cells with abundant cytoplasm, rounded nuclei, arranged in threads that give a homogeneous aspect to the gland. The pinealocytes registered by the above authors are arranged in threads interlaced with conjunctive tissue and glial cells. Silvino, Miglino, Didio et al. (1995) reported that the pinealocytes of the agouti (Dasyprocta aguti) are arranged in a thread-like manner and give a homogeneous and solid aspect to the gland.
Pinealocytes and glial cells were found in the pineal gland of buffaloes (Bubalus buballis) by Carvalho, Ambrósio, Miglino et al. (2009) , capuchin monkeys (Cebus apela) by Carvalho-Barros (2006) and in the adult cat by Boya, Calvo and Rancano (1995) . In their studies on the crab-eating raccoon (Procyon cancrivorus), Marques, Carvalho, Maçanares et al. (2010) registered that pinealocytes are distributed in threads, similar to current data on Magellanic penguins. Singh and Dixit (2014) observed that the pineal gland of sparrows (Passer montanus) is structured by a follicular tissue with two different types of cells: pinealocytes and glial cells, which are smaller and arranged along the secular-shaped gland with a small lumen.
Glial cells are always registered in the histology of mammals, birds and reptiles, and show that gland receives neuro-sensorial or photo-receptive signalization. Since pinealocytes synthesize melatonin, nerve terminations are closer to the blood vessels than to cells. Consequently, neurotransmitters are released at the perivascular spaces and then they are disseminated to the surface of the pinealocytes (MOORE, 1996; VOLLRATH, 1985) .
Holanda-Barros (2002) observed that snakes´ pineal gland is structured on acini with dark cells, rounded nucleus, between spherical and oval, with loose chromatin and nucleoli. Cells with chestnut-like granules that suggest melanocytes in the region are also extant. Redins and Machado (1989) report that melanocytes and pigments exist in the several genera of Tinamiforms. A reasonable amount of melanin is evident in the pineal of the Magellanic penguin but the individual cells could not be seen. The pigment in the pineal tissue suggests that light has an important role in the regulation of the birds´ gland. Machado (1965) reports that the histology of the pineal tissue in Didelphis sp. is characterized by an abundance of modified glial fibers and ependimary cells, whereas pinealocytes and glial cells, in smaller amounts, predominate in the gland tissue of the penguins analyzed.
The literature which includes the histological study of the pineal gland indicates Redins´ research as a reference in birds. His study on Tinamiform birds elucidates the histological composition of the group´s pineal gland. Redins and Machado (1989) investigated the structure of the pineal gland of three genera of this order and showed that the birds´ pinealocytes are organized as genus-dependent big to small follicles. Their results reveal a lymphoid tissue immediately below the dura mater which couldn´t be observed in current analysis. The lymphoid tissue in the birds´ pineal gland was also mentioned by Quay (1965) for other bird species and its histogenesis was particularly researched in hens (SPIROFF, 1958; BOYA and CALVO, 1978) .
Conclusion
Current research revealed the following valid conclusions: The pineal gland of the Magellanic penguin lies in the space between the brain hemispheres and the cerebellum, close to the cavernous sinus that accompany the dura mater. It is shaped like a bludgeon and extends between the choroid plexus and the dura mater.
The histological aspects foreground tissue and cell similarities with the pineal gland of other vertebrates. The physiological and genetic regulation determines in which aspects the gland affects the behavior of the birds. The pinealocytes and glial cells suggest that melatonin is secreted through a nervous signal, probably by external light which regulates the circadian and circannual cycles underlying the migration of the species. The lack of calcium concretions is a highly relevant datum and requires further studies on the pineal gland of adult specimens.
